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By C. A. Hoffman

SUMMARY

An investigation of the effect of notches on the fatigue strength
of N-155 alloy at elevated temperstures was conducted by the NACA in
cooperation with the Gas Turbine Panel of the Joint A.S.T.M.-A.S5.M.E.
Committee on BEffects of Temperature on the Properties of Metals.

Studies were made at 1350° and 1500° F in completely reversed bend-
ing. The results on relatively few specimens indicated that: (a) Notches
reduced fatigue strength at 1350° F by approximately 34 to 40 percent and
at 1500° F by approximately 30 to 37 percent over the range of 3 to 150
hours, and (b) the notch sensitivity in fatigue under conditions of com-
pletely reversed bending at 1350° and 1500° F was considerably less than
that predicted for static bending under elastic conditions.

INTRODUCTION

There are comparatively few data available on the effect of notches
on the fatigue characteristics of heat-resistant alloys at high tempera-
ture. The NACA Lewls laboratory, in cooperation with the Gas Turbine
Panel of the Jjoint A.S.T.M.-A.S.M.E. Committee on Effects of Tempera-
ture on the Properties of Metals, conducted fatigue tests of notched
specimens under conditions of reversed bending.

Tests were conducted on N-155 alloy. Completely reversed bendlng
at 1350° and 1500° F was investigated.
APPARATUS AND PROCEDURE

The material used in this investigation was N-155 alloy, which
had the following percentage composition:

C Mn . Si Cr Ni Co Mo W Cb N Fe
0.13 1.64 0.42 21.22 19.00 19.70 2.90 2.61 0.84 0.13 balance
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The followiung heat treatment was used: solution treatment at
2200° F_for 1 hour, followed by a water quench, then by aging 16 hours ' v
at 1400° ¥, followed by air cooling.

The specimen design used 1s 1llustrated in figure 1. The theoreti-
cal stress-concentration factor in bending was 3.56 according to the
method of Timoshenko (ref. 1) and 2.5 (i.e., technical stress- :
concentration factor) according to the method of Neuber (ref. 2).
Presumebly, these factors are specifically applicable to & condition
of elastic deformation under static-load conditions.
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A Westinghouse coumpletely reversed-bending fatigue machline was
used. The speclmen was held vertically and weighted at its lower end
so that its natural freguency of vibration would correspond to the execi-

tation frequency (120 cps) of the fatigue machine. The apecimen.was then
vibrated at resonance. The stress in the. specimen was produced by the

inertia loads caused by the resonant vibration of the specimen—weight-
clamp system.

A thermocouple was attached to the specimen by means of a metal
strap spot-welded to the specimen above the test section, and the hot
Junction of the thermocouple was located directly over the notch.
Heat was supplied by a resistance-wound electric furnace placed ebout .
the specimen.
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RESULTS AND DISCUSSION

The results obtained are presented in table I and are plotted in
figure 2. For purposes of comparison, curves of unnotched N-155 al-
loy of the same heat (A1726) and with the same heat treatment (ref. 3),
are included in this figure.

Figure 2 reveals that the fatigue strength has been considerably
reduced by the notches; that is, by approximately 34 to 40 percent at
1350° F and by 30 to 37 percent at .1500° F over the range of approxi-
mately 3 to 150 hours. The effective stress concentration factor Kf

(ratio of unnotched to notched strength at any glven number of cycles)
varied from 1.5 to 1.7 for the range of time involved at 1350° F. The
effective stress-concentration factor at 1500° F varled from 1.4 to
1.6 over the range of time involved. It is readily apparent that the
effective stress-concentration factors at both 1350° end 1500° F are
less than the theoretical values of 3.56 and 2.5 for static loading,
which were based upon the methods of references 1 and £, respectively.

On the basis of the results for the comparatively few specimens in- N
volved, it is noted that the effective stress-concentration factor shows a
slight imcreasing trend with time at 1350° ¥ but a slight decreasing trend
with time at 1500° F. In reference 4, it is indicated that the effective o
stress-concentration factor increased with time (L.e., to 107 cycles) at
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both 1350° and 1500° F for N-155 alloy of the same heat (Al1726) and heat
treatment as the materisl reported herein. The specimens reported in ref-
erence 4 were used in a rotating-beam test at speeds up to 400 rpm. On
the basis of number of cycles to failure, the notch fatigue strengths
reported herein are essentially in agreement with those reported in ref-
erence 4 and presented in figure 3. The notch fatigue data for the pres-
ent investigation, particularly at 1350° F, are somewhat higher, however.
This result may be due in part to the higher frequency and resultaent
lesser time at temperature for a given number of cyecles to failure in

the present investigation.

It is noticed from figure 2 that the unnotched specimens seem to
reach a Patigue limit of sbout +40,000 pounds per square inch at
1350° F, whereas the notched specimens at this tempersture show a con-
tinued decrease of strength with time. This difference, of course,
could be due to experimental scatter, but if it is an actual differ-
ence, it is interesting that the shape of the curve is affected by the
presence of the notch.

SUMMARY OF RESULTS

The results of an investigatlon of the effect of notches on the
elevated-temperature fatigue strength of N-155 alloy are as follows:

1. Notches reduced fatligue strength at 1350° F by spproximetely
34 to 40 percent and at 1500° F by approximately 30 to 37 percent over
the range of 3 to 150 hours.

2. The notch sensitivity in fatigue, under conditions of completely
reversed bending at 1350° and 1500° F, was conslderably less than that
predicted for static bending under elastic conditions.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, December 14, 1853
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TABLE I. - SUMMARY OF FATIGUE DATA
Number of | Temperature, | Maximum outer | Time,
specimens fiber stress, hr

psi
1 1350 27,800 3.2
1 1350 25,000 61.7
1 1350 23,000 152.5
1 1500 22,100 5.7
1 1500 19,850 37.2
1 1500 20,080 134.0
1 1500 20,130 4.9
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Flgure 1. - Notched specimen. Notch data: angle, 60°; radius at root,
0.015 inch; theoretical stress-concentration factor, 3.56 (ref. 1),
2.5 (ref. 2); depth, 0.100 inch.
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Figure 2. - Raversed bending fatigue curves st 7200 cycles per winute (Westinghouse wachine).
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Figure 5. - Notch fmtigue strength {data from rotating heam tests wt spesds np to 400 rpm, ref. 4).
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